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^ i mfthqd oi unpT^ nrr ESSZSSZ^ TreftpqEft* 
EggfflSSIgaB armour 

Th is invention relays to protective headgear, such as 
safety helmets for use by motor cyclists, pedal 

T ,uhpr S as well as in other hazardous 

cyclists or climbers, as weu. a= 

sports. It is also relevant in the industrial 
context, for example factories, on constructions 
sites, defence and military applications or 
und erground and may also have application « other 
areas where a protective form of headgear is necessary 
or required, which is effective in reducing or 
preventing head injury, while being lightweight and 
incumbering to the wearer. A particular feature of 
the present invention is its ability to mimic the 
characteristics of the human head, in order to provide 
the desired protection against injury. 

The present invention also relates to Protective 
armour, for instance the body armour used by riot 
police and the armed forces. 

. „tU no. ell designs for heed potion »™ *°7Z 
to dittos, .no spread th. i»peet o£ toll, or 
constructing promotive helmets 01 herd 
. limitod degree of elesticity tor energy *»"*£° B ; 
mterior design, h.v. consisted ot w.bbm, support. * 
veriety ot foeos or e domination of tn. two, *W »' 
ZTL~ allowed toe need to oo.e into content Wlto 
th. nerd Mterisl itself on severs iopect. 

The invention te.es note of end 1"^"°°^ 
the proteotive t.etures of the hu».n heed. whxch 
its.lf provides lerge energy diseipscion end 
paction egeinst direct end tengenti.l forces. The 
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major features of the human head are: 
The scalp 

This is a firm, fibrous, elastic layer with great 
energy absorbing characteristics. Of particular 
importance is the fact that it is not attached firmly 
to the skull, bet because of being "fixed'* only at the 
periphery, it may move on the skull by distances of up 
to one centimetre thus absorbing considerable amounts 
of energy before it begins to tear. In impacts 
perpendicular to the surface of the head, its fibrous 
elasticity allows compression and energy absorption* 

The SKuli 

The human skull is composed of two layers of dense, 
compact bone "sandwiching" a layer of spongy 
cancellous bone (Fig. 1) . This provides a hard 
surface for energy dissipation and absorption whilst 
allowing a degree of compression or crushing of the 
cancellous bone with more energy absorption. The 
cancellous bone may also allow a degree of distortion 
before any fracture occurs. 

The Cerebrospinal Fluid 

The fluid surrounding the brain acts as a further 
energy absorbing element, cushioning the brain in 
movements within the cranium. Lateral blows or 
impacts project the brain towards the cranium and the 
displacement of the incompressible cerebrospinal 
fluids acts as a decelerating force. 

In one aspect the present invention provides 
protective headgear comprising: 

a shell having an inwardly facing surface which 
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^ . user of the headgear and an 

in use faces the head of a user 
outwardly facing surface which in use faces 
the head of the user, 

an outer membrane which overlies at east a 
portion of the outwardly facing surface of the shell 
P f I more flexible than the shell, wherein 

and which is more f lexio mMraat BA in such a 

the protective headgear is constructed in 
way that I force applied to an outer surface of the 
way tnat: headgear and the 

relative to the shell- 

"•"f " ^.remainder of t». protects, header 
'TZTZr X o the protective h.sd,«r ana 

«1 to allow relative B .tion —en 
the membrane and the shell. 

« ^hodiment the membrane comprises a high 
I„ one embodiment tn sbelX compr ises 

density foam material. Preierao^ 
a carbon fibre composite material. 

lining .=^«r alternatively co fle5Ci ble 

absorbin, .l-.nt » ^ ™^ . liquW of 
sa o. The flexible sac can be WW « „c 
predetermined viscosity which can flow ar 
„„en t». neaaaear suffers ispact in order 
Mt ion of a head in the ^"J'^'nl** material 
sh ell. The inner liner can «"^ s * ~ fluid 
in combination with a fluid filled sac. TO 
t ,l.d sae can be subdivided into a plurality of 
l^lrco-ntl or cells to control fluid place-nt 
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within the sac and preferably the compartments or 
cells are interconnected with flow regulating 
passages. 

In a preferred embodiment an intermediate layer is 
interposed between the hard shell and the outer layer, 
the intermediate layer facilitating relative movement 
between the shell and outer layer. The intermediate 
layer may be incorporated integrally in the outer 
membrane. The intermediate layer may comprise a 
friction reducing material or lubricant agent which 
facilitates the movement between the outer layer and 
he helmet shell. 

The membrane preferably overlies the entire outwardly 
facing surfaces of the shell and is preferably 
impervious to moisture. 

In further embodiments of the invention, the headgear 
can additionally comprise acoustic or visual 
protection means and the headgear can also include 
ventilation means to improve comfort. 

In this specification it should be understood that the 
words outer and inner are used to specify position 
relative to the hard shell of the headgear. 

In a second aspect the present invention provides 
protective armour comprising: 

a first layer of material of a first flexibility 
having a first surface which in use is presented to 
receive impact blows, and 

a membrane which overlies at least a portion of 
the first surface of the first layer and which is more 
flexible than the first layer of material, wherein 

the protective armour is constructed in such a 
way that when a force is applied to an outwardly 
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facing surface of the protective " «»~^ , ^ 
exponent tangential to the outer surface, the fore 
can cause the membrane to move relative to the first 
layer of material- 

Preferably the membrane is compressible and elastic 
and can absorb energy when compressed. 

Preferably the membrane is connected to the remainder 
ZZ protective armour by elastic connection means 
111 can extend to allow relative motion between the 
membrane and the first layer. 

Preferably the membrane comprises high density foam. 

Preferably the protective armour comprises a layer 
Preferaoiy f . , ver and the membrane, 

intermediate between the first layer anu 

bew .„ «. — «... - - ~. zr^z^i. 

the intermediate layer comprises a luori 
Alternatively the intermediate layer has a first 
surface which can abut the membrane and a second 
surface wnicn surface of the first 

surface which can abut the first surr 

* m *i- ft rial the first and second surfaces ox 
layer of material, coefficient 
the intermediate layer each having a low 

of friction. 

Prefers tbe ««*= »»« » f » aMrU1 *""' PriBeS * 
carbon fibre composite eaterial. 

TB e protective .r»ur can be used as bo*, ardour. 
& c=ordin, to a tbird aspect, tbe pr„ent Invention 
p rov id es protective Mincer « 

..cond securing .trap. »r CM (irst 

bead gear on ahead otj . ^ ^ ^ _ , 
strap can pass under tbe enrn 01 



PMEtW-RCWATMlMilliMIEastemStand^ 
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chin restraint and the second strap can pass around 
the lower part of the back of the head of the user to 
act as an occipital restraint* 

The present invention further provides a method of 
modifying existing protective headgear wherein a 
membrane is attached to the remainder of the headgear 
to overlie at least a portion of the original outer 
surface of the protective headgear so as to provide a 
new outer surface for the protective headgear, the 
membrane being attached to the remainder of the 
headgear in such a way that when a force is applied to 
the outer surface of the membrane which acts to rotate 
the protective headgear the force can cause the 
membrane to move relative to the remainder of the 
headgear. 

The present invention additionally provides a method 
of modifying existing protective armour wherein a 
membrane is attached to the remainder of the armour to 
overlie at least a portion of the original outer 
surface of the protective armour so as to provide a 
new outer surface for the protective armour, the 
membrane being attached to the remainder of the armour 
in such a way that when a force is applied to the 
outer surface of the membrane which acts tangential to 
the membrane, the force can cause the membrane to move 
relative to the remainder of the protective armour. 

Preferred embodiments of the invention will now be 
described with reference to the accompanying drawings 
in which: 

Figure 1 illustrates the structure of the human skull; 

Figures 2a and 2b illustrate chin straps for headgear 
according to the invention; 
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Figure 3 is a cross-section of a first P~ £ ~red 
embodiment of headgear according to the xnventxon, 

Figure 4 is a cross-section of a second preferred 
ZdLnt of headgear acceding to the inventxon; 

riaure 5 is a cross-section of a third preferred 
S of headgear according to the invention. 

a6 isa cross-section of a fourth preferred 
headgear acceding t. the invention, 

fieur. 7 1. . cross-section o£ a t iftb preferred 

»« he^ear according to the invention, 

rigure 8 is a cross-section of a sixth P" £ «"T 
e n Ldi*ent of headgear according to the invention, 

Plgore 9 is a .Che-tic illo.tr.tion or body arsour 
according to th« prasant invantion 

rigu „ 1B i. a crose-aection through th. body armour 
of Figure 9- 

Tn Ficmre 3 th ere can be seen protective headgear in 

in Fxgtire ^n«* * 1 10 and an 

the for* of a helmet which has a hard shell 10 
outer energy absorbing compressive layer ^ 

+- he scalp and reproducing xts protectxve 
resembling the scalp ana t> fij5r ous and/or 

function. This layer 11 consists of a fx* 
elastic material, resembling carpet 
foam Thick leather would also have some of the 

a qualities but cost and weight may be 
envxsaged a case syn thetic material 

determining factors in wm«. 

aioilar properti.s would be used -nee 
outer soft covering layer » could be. P=« 
serial it east he .igorou. y v.at.rp,oo £ ed • 
absorbed water would reduce its energy aD 
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qualities. This could be achieved by treatment: of the 
material or by the super-imposition of a thin but 
durable layer or by both methods. 

To reproduce the energy absorbing qualities of the 
scalp the attachment of the outer energy absorbing 
compressible layer 11 to the hard shell 10 is 
critical. It will be bonded to the hard shell 10 of 
the helmet around the edge of the hard shell 11 , in a 
way chosen in dependence on the physical 
characteristics of the materials chosen for the 
headgear. The layer IX will be bonded only at the 
edge of the hard shell 10 in order to allow relative 
motion between the outer energy absorbing layer 11 and 
the hard shell 10 in order to mimic the protective 
movement of the scalp* The outer layer 11 can stretch 
to allow relative motion. A lubricant 12 between the 
energy absorbing layer and the shell may be 
beneficially used. 

It is preferred that the hard shell 10 itself is a 
sandwiched material with hard outer layers sandwiching 
a deformable inner layer. Otherwise a single layer 
material of plastic, fibreglass or other appropriate 
material will be used but with hardness and 
defonnability characteristics matched to the new 
construction and yielding optimum protection on 
standard or newly developed testing. 

To mimic the fluid suspension provided by the cerebro- 
spinal fluid , a flexible sac 13 , filled with an 
appropriately viscous liquid will be bonded to the 
inner surface of the hard shell 10. Since fluid in a 
unicellular sac would gravitate to the brim, 
corapartmentalisation will be necessary and to allow 
displacement under impact. Flow control mechanisms 
between compartments will be included to control flow 
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The flow control mechanism 
between the compartments- The flow con 

will not allow flow of fluid between compartments in 
normal use, but will allow flow of fluid between 
compartments when the helmet is subject to an impact 
(the interconnection of the compartments allows 
development of a uniform pressure in all of the 
compartments, there.y spreading an impact over a large 
area) . The fluid in the layer 13 may be a viscous or 
a oueous fluid and will act to damp motion of the 
Timet relative to the head of a use, when the helmet 
is subject to an impact. T*e flow control could 
comprise lines of weakness in walls dxvxding the 
apartments, the walls remaining intact to seal off 
the compartments in normal use, but the lines of 
weakness breaking to form apertures in the walls (and 
I to allow flow of fluid) in impact condit-n, An 
alternative embodiment will be a "bubble pack type ^ 
lining, with liquid, liquid and gas combined or solely 
gas filling. 

A thin polystyr.no linsr bonded to th. inner surface 
ot Z sac could alternatively be used to retain the 
.n.Pe of end thus the fluid distribution with™ the 
Z in which case coep.rte.ntalis.tion will not be 
necessary used. 

pioure 6 shows how an outer eeebrane 30 of cloeed =.11 
P Isticissd Polyvinyl Chloride ( PVC, can be attached 
to a carbon fibre coepo.it. sh.ll 31 an order to 
!L^it relative motion between the me«bran. 30 and the 
^ r th. sax. of simplicity inner layers 

^in the shell 31 a heed liner, are not shown. 

wv-»n^ no is attached to an inner surface 
The outer membrane 30 is arc ^ 
of the shell 31 around the edge of the shell 
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intermediary band 60 of a compliant material. An 
epoxy adhesive is used to bond the intermediary band 
60 to the inner surface of the shell 31 around the 
lower edge. The intermediary band 60 is adhered to 
the inner surface and then extends down around the 
lower edge and then upwardly around the exterior of 
the lower part of the shell 31. The outer membrane 30 
is adhered by an adhesive to the part Df the 
intermediary band that overlies the outwardly facing 
lover edge of the shell 31. The intermediary band 60 
will be made of a material of greater compliance than 
the outer membrane 30- The membrane 3a is attached to 
the shell 31 only via the intermediary band 60 and 
thus the remainder of the membrane 30 is free to move 
relative to the underlying shell. Both the membrane 
3 0 and the intermediary band 6o can stretch on 
application of a force to allow relative motion 
between the membrane 30 and the shell 31. 

A layer 32 of a lubricant gel is enclosed between the 
membrane 30 and the shell 31 and this facilitates 
relative movement between the membrane 3 0 and the 
shell. 

A further embodiment of helmet is illustrated in 
Figure 7, In this embodiment an outer membrane 40 of 
polyethylene is attached to the interior of a glass 
fibre shell 41 via an intermediary band 61 adhered to 
the bottom edge of the interior of the glass fibre 
shell 41. The membrane 40 is attached to the shell 41 
only via the band 61 thus the membrane 4 0 is otherwise 
free to stretch and move relative to the shell 41. 
The band 61 is composed of a material which is more 
compliant that the outer membrane 40 and also 
stretches to allow relative motion. The relative 
movement is assisted by the interposition of a PTFE 
layer 42 between the membrane 40 and the shell 41; 
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the surfaces of the PTFE layer having a low 
coefficient of friction. 

An additional embodiment of helmet is illustrated in 
Figure 8. In this embodiment a membrane SO of 
It^lene vinyl acetate co-polymers is ^ 
interior of a class reinforced plastic (<*P> shell Bl 
the membrane 50 being adhered directly to the interior 
bottom edge of the shell 51. The inwardly facing 
surface of the membrane 50 is treated to reduce the 
coefficient of friction of the surface and the 
outwardly facing surface of the GRP shell is also 
treated to reduce the coefficient of ^ 
surface. Since the membrane 50 is only attached to 
the shell 51 at the lower edge, the membrane 50 is 
free to stretch and move relative to the shell 51, 
assisted hy the low coefficient of friction of the 
abutting surfaces of the membrane 50 and the shell 

The inwardly facing surface of the membrane 50 and the 
outwardly facing surface of the shell 51 xn this 
embodiment can incorporate a lubricant: to dispense 
with the need for an intermediary layer such as 
lubricant gel. 

Other less preferred materials for the outer membrane 
Other less pr density polyurethane foam 

include cross-linked high density poxy 

and silicon foamed rubber. 

».i™t: wittt » membran.. in accordanc. with the 

tl=r ""h ha^e* wa* fi".a « » head for* with 
invention- Eacn n^xu.^ » ned on to 

an arr.y of nine accelerometers and then dropped 
I test anvil with an impact surface composing 
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aluminium oxide paper, 80 grit. The impact velocity 
was 8.5 m/s and the impact site on the right or left 
hand side of the helmet* 

Very signif icant reductions were achieved in the 
maximum tangential force ON the head form in the 
helmet . Also a moderate decrease in the maximum 
linear acceleration forces were achieved. 

The combination of materials for the headgear will be 
chosen bearing in mind that the sound insulation 
qualities of the combination may represent a hazard in 
motorcycle or cycle applications. It is always 
possible to provide perforations in the ear area of 
the headgear. 

In military/aeronautical applications additional 
material or earcups would provide noise protection and 
additional protection against lateral blows which tend 
to cause fractures of the base of the skull. Also 
visual protection and enhancement devices could be 
incorporated in the helmet and also respiratory 
devices such as gas masks and air purifiers. The 
illustrated embodiment in Figure 3 has a fitting band 
14- 

Since the heat insulation qualities of the described 
helmets could be high if certain material combinations 
are chosen, provision must be made for ventilation in 
appropriate weather conditions. Inlet and outlet 
ports will be provided with variable control of the 
air inlet and consideration will given to the 
provision of ventilation ports on the vertex in 
applications where there is no generated air flow. 

In many accidents, particularly in industrial mishaps 
involving a fall, the helmet is flung off. The 
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retention system is therefore, a critical element of 
head protection. On each side of the helmet there 
would be preferably a two point attachment, one in 
front of the other behind the central transverse 
vertical plane. Depending on the shape of the helmet 
and the application, there would be either a double 
strap 15 joined to form a chin cup 16 as shown in 
Figure 2a or a single strap 17,18 from each point of 
attachment, the interior one providing a chin 
restraint and the posterior an occipital restraint as 
shown in Figure 2to- 

Modifications of the headgear of Figure 3 are shown in 
Fiqures 2a and 2b. One modification omits the 
flexible sac 13 and comprises two layers of plastic 
foam, in combination with a polystyrene liner, either 
both outside the polystyrene liner (see Figure 5 where 
two layers of plastic foam 19 and 20 are both outside 
a polystyrene liner 21) or one outside and the other 
inside the polystyrene liner (see Figure 4 where one 
layer of plastic foam 22 is inside a polystyrene liner 
23 and one layer of plastic foam 24 is outside the 
polystyrene liner 23). These foam layers can be 
either low density or combinations of low and higher 
density foams* 

Severe head injuries continue to occur despite the use 
of current protective headgear and, in American 
industry alone, involve national costs amounting to 
billions of dollars. Many of these injuries result 
from falls in which the helmet falls off; 
there are still many motor cycle injuries 
from the same cause. This is quite apart from those 
injuries caused by inadequate protection from existing 
design of head protection. 

«. fha«fBre will be achieved by 
A major improvement, therefore, 
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conversion of existing hard hat to hats with "soft" 
outer skins according to the invention, preferably 
with the provision of effective retention systems* 
Soft covers and new retention systems designed for 
attachment to existing headgear are included in the 
scope of the invention. 

Whilst above the present invention is described with 
reference to its use for protective headgear , the 
invention can also be applied to protective armour, 
such as body armour. The same principle of using an 
overlying membrane can be used, shown in Figure 6 is 
protective armour in the form of a breast plate 100 
which can be worn in front of a user secured by straps 
101- 

The breast plate 100 comprises a first layer 102 made 
of fibre glass (or carbon fibre, a metal or a plastic) 
which has a first surface 102 A in use is presented to 
receive impact blows. The armour has also a compliant 
elastic membrane 103, for instance of closed cell 
plasticised Polyvinyl chloride (or of polyethylene, 
ethylene vinyl acetate co-polymers, cross linked high 
density polyurethane foam or silicon foamed rubber. 
This membrane in use overlies the first surface 102 A 
of the first layer 102. The membrane 103 is more 
flexible than the first layer 102 and is compressible 
and elastic and can absorb energy when compressed. 

The membrane 103 is connected to the first layer 102 
by an intermediary band 104 of an elastic material. 

The intermediary band 104 is adhered around the edge 
of a face 102B of the first member 102 (the face 102B 
facing in the opposite direction to the face 102A) . 
The intermediary band 104 extends around the edge of 
the first member of the 102 and overlies an edge 
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portion of the .urfae. »a. The i"~«di.rv band 
104 i* only adhered to the first member 102 on the 
. . 102B thereof. The menbrane 103 ie adhered 
^^"erVrV to the inter.edl.ry hand 10.. 

„ inter^diary lever «. - -ricaot ,el ^included 

the me.br.ne 103 and the first lay 
militates relative motion between the^ » 
is oot pntial -J^tT ~U 

could be incorporated into the inner surta 
membrane 103. 

^ ^otective armour is constructed in such a way 

Zt IZ I t orce is applied to the outwardXy facing 

Lie of the m e m brane 103 which has a component 
surface of the ^ ^ ^ cause 



102, 



The present invention also provides a method of 
rodifyi:, Protective arttour 

-soft" outer sKin to cover an existing plate. 
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CLAIMS 

1. Protective headgear comprising: 

a shell having an inwardly facing surface which 
in use faces the head of a user of the headgear and an 
outwardly facing surface which in use faces away from : 
the head of the user, 

an outer membrane which overlies at least a 
portion of the outwardly facing surface of the shell 
and which is more flexible than the shell, wherein 

the protective headgear is constructed in such a 
way a force applied to an outer surface of the 
headgear which acts to rotate the headgear and the 
head of the user can cause the outer membrane to move 
relative to the shell* 

2. Protective headgear as claimed in claim l wherein 
the outer membrane is compressible and elastic and the 
outer membrane can compress in response to a force 
applied to the headgear to thereby absorb energy. 

3* Protective headgear as claimed in claim l or 
claim 2 wherein the outer membrane is elastic* 

4. Protective headgear as claimed in any one of the 
preceding claims wherein the outer membrane is 
connected to the remainder of the protective headgear 
along a lower edge of the protective headgear and the 
membrane can extend to allow relative motion between 
the membrane and the shell. 

5- Protective headgear as claimed in claim 4 wherein 
the outer membrane is connected to the remainder of 
the headgear only via an elastic intermediate member - 

6. Protective headgear as claimed in claim 5 wherein 
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the elastic intermediate member is more compliant than 
the outer membrane. 

7 . Protective headgear as claimed in any one of the 
preceding claims wherein the membrane comprises closed 
cell plasticised polyvinyl chloride. 

8 . protective headgear as claimed in any one of 
claims 1 to 6 wherein the membrane comprises 
polyethylene- 

9 Protective headgear as claimed in any one of 
claims 1 to 6 wherein the membrane comprises ethylene- 
vinyl acetate co-polymers. 

10 Protective headgear as claimed in any one of the 
preceding claims wherein the shell comprises a carbon 
fibre composite material. 



U Protective headgear as claimed in any one of the 
preceding claims comprising additionally a layer of 
Incompressible fluid located in use between the shell 
and the head of the user and encapsulated in a 
flexible sac. 

12 . Proactive headgear as claimed in claim » 
wherein the flexible sec chaining the compreeeible 
£1 uld i. compartmentalised into . plurality °* 
compartment, and the flexible eae comprise, connec tron 

connecting each compartment to at least on. 
"her co.partm.nt, the connection means baing operable 
to prevent flow of fluid from one compartment to 
anocnlr until an impact on the 

connection means allows i*v 
chambers - 
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13. Protective headgear as claimed in claim 12 
wherein the incompressible fluid is a fluid which 
resists flow between compartments in order to Samp 
motion of the shell. 

14. Protective headgear as claimed in any one of the 
preceding claims comprising additionally a layer of 
low density foam located in use between the shell and 
the head of the user. 

15. Protective headgear as claimed in any one of the 
preceding claims comprising an intermediate layer 
interposed between the shell and the membrane, the 
intermediate layer facilitating relative movement 
between the membrane and the shell. 

16. Protective headgear as claimed in claim 15 
wherein the intermediate layer is a layer of lubricant 
material. 

17. protective headgear as claimed in claim 15 
wherein the intermediate layer has a first surface 
which can abut the membrane and a second surface which 
can abut the shell and the first and second surfaces 
each have a low coefficient of friction. 

18- Protective headgear as claimed in any one of the 
preceding claims wherein the membrane overlies the 
entire outwardly facing surface of the shell. 

19. Protective headgear as claimed in claim 18 
wherein the membrane is impervious to moisture. 

20. Protective headgear as claimed in any one of 
claims 1 to 18 comprising additionally a moisture 
resistant outer covering overlaying the membrane. 
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21 Protective headgear as clawed in any one of the 
preceding claims comprising additionally acoustic 
protection means- 

M . Protective headgear as claimed in any one of the 
preceding claims comprising additionally visual 
protection and enhancement means. 

23. Protective headgear as claimed in any 
preceding claims comprising additionally ventHat.cn 

means - 

24 Protective headgear as claimed in any one of the 

24. protect second securing 
preceding claims comprising first ana 

straps for securing the headgear on the head of the 
user! the first strap providing cnin restraint and the 
second strap providing an occipital restraint. 

25 . Protective armour compr is ing : lexlbili1:y 
a first layer of material of a first 

having a first surface which in use is presented 
Y-^ceive impact blows, and 

* first layer and which is more 

. . . f i_ st surface of the tirsi ia J" 
the first surra mater ial, wherein 

flexible than the first layer or 

the protective armour is constructed in such 

w . y that Ln a :T U « - — « . 

the force can cause the eeehrane to «>v« relative 
the first layer °£ material. 

26 Pr otectiv. .r»eur .a clai.ed in =lai» » 
t^e — r». ts co»,>r...ibl. en. elastic an, can 
abserh energy when compressed. 



27. 



Protective armour as claimed in claim 25 or 
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claims 26 wherein the membrane is connected to the 
remainder of the protective armour by elastic 
connection means which can extend to allow relative 
motion between the membrane and the first layer. 

28. Protective armour as claimed in any one of claims 
25 to 27 wherein the membrane comprises closed cell 
plasticised polyvinyl chloride, 

29. Protective armour as claimed in any one of claims 
25 to 27 wherein the membrane comprises polyethylene. 

30. Protective armour as claimed in any one of claims 
25 to 27 wherein the membrane comprises ethylene-vinyl 
acetate co-polymers. 

31. Protective armour as claimed in any one of claims 
25 to 30 which comprises a layer intermediate between 
the first layer and the membrane, the intermediate 
layer facilitating relative movement between the 
membrane and the first layer. 

32. Protective armour as claimed in claim 31 wherein 
the intermediate layer comprises a lubricant material. 

33. Protective armour as claimed in claim 31 where 
the intermediate layer has a first surface which can 
abut the membrane and a second surface which can abut 
the first surface of the first layer of material, the 
first and second surfaces of the intermediate layer 
each having a low coefficient of friction. 

34. Protective armour as claimed in any one of claims 
25 to 33 when the first layer of material comprises a 
carbon fibre composite material. 

35. Protective armour as claimed in any one of claims 
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25 to 34 for use as body armour. 

36. protective headgear comprising first and second 
securing straps for securing the remainder of the 
headgear on a head of a user, where the first strap 
can pass under the chin of the user to act as a chin 
restraint and the second strap can pass around the 
lower part of the back of the head of the user to act 
as an occipital restraint. 

37. A method of modifying existing protective 
headgear wherein a membrane is attached to the 
remainder of the headgear to overlie at least a 
portion of the original outer surface of the 
protective headgear so as to provide a new outer 
surface for the protective headgear, the membrane 
being attached to the remainder of the headgear in 
such a way that when a force is applied to the outer 
surface of the membrane which acts to rotate the 
protective headgear and the head, the force can cause 
the membrane to move relative to the remainder of the 
headgear . 

38. A method of modifying existing protective armour 
wherein a membrane is attached to the remainder of the 
armour to overlie at least a portion of the original 
outer surface of the protective armour so as to 
provide a new outer surface for the protective armour, 
the membrane being attached to the remainder of the 
armour in such a way that when a" force is applied to 
the outer surface of the membrane which has a 
component tangential to the membrane, the force can 
cause the membrane to move relative to the remainder 
of the protective armour. 



! PAGE 2404 * RCVD AT 4:1 1 :35 PM [Eastern Standard Time] • SVR:USPT(« FXRF«24 * DHIS:2738300 « CSID:651 426 2322 * DURATION (mm^s):0742 



2006/FEB/07/TUE 03:34 PM SHERRILL LAW OFFICES 



FAX Ho, 651 426 2322 




PAGE 2504 ' RCVD AT 2/712006 4:11:35 PM [Eastern Standard Time] 1 SVR:USPTO-EFXRF4/24 » DNES:2738300 ■ CSID:651 426 2322 ■ DURATION (mm-ss):0M2 



2006/FEB/07/TUE 03:35 PM SHERRILL LAW OFFICES FAX No. 651 426 2322 




2006/FEB/07/TUE 03:35 PM SHERRILL LAW OFFICES FAX No. 651 426 2322 



P. 027 



PCT/GB95/0J693 

WO 96/14768 



3/ 6 




PAGE 27/34 ' RCVD AT 217/2006 4:11:35 PM [Eastern Standard Time] ' SVR:USPTOEFXRF-6/24 ' DNIS:2738300 ' CSID:651 426 2322 ■ DURATION (mm-$s):0742 



2006/FEB/07/TUE 03:35 PM SHEER ILL LAW OFFICES FAX No. 651 426 2322 P. 028 



PCT/GB9S/02693 

WO 96/14758 



4/ 6 




PAGE 28/34 * RCVD AT 2/7/2006 4:11:35 PM [Eastern Standard Time] 1 SVR:USPTO«EFXRF4/24 * DNIS:2738300 ' CSID:651 426 2322 ' DURATION (mnws):0742 



2006/FEB/07/TUE 03:35 PM SHERRILL LAW OFFICES 



FAX No. 651 426 2322 



P. 029 



PCT/GB95/02693 

WO 96/14768 

5/S 




PAGE 29/34 * RCVD AT 2/7120064:11:35 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/24 * ONIS:2738300 ' CSID:651 426 2322 ■ DURATION (mm<ss):0742 



2006/FEB/07/TUE 03:35 PM 



SHERRILL LAW OFFICES 



FAX No. 651 426 2322 



PCI7GB95/02693 

WO 96/14768 

6/ 6 




PAGE 30/34 1 RCVD AT 2/7/2006 4:11:35 PM [Eastern Standard Time] ' SVR:USPTO€FXRF<6/24 ' DNIS:2738300 ■ CSID:651 426 2322 ' DURATION (mm-ss):0742 



2006/FEB/07/TUE 03:35 PM SHERRILL LAW OFFICES FAX No. 651 426 2322 



INTERNATIONAL SEARCH REPORT 



[n* -xul Appl»eaUon No 

PCT/GB 95/02693 



rJ-cLTP^ A42B3/08 A42B3/04 A42B3/2B 

IPC F41H5/04 A63B71/08 



a. FIELDS SEARCHED 



IPC 6 A42B F41H A63B 



Searched (d«e*Aca*Qd sy^m foUoweo by dasaficaaon rymboli) 



sctltAcd other ami tmimnum docununrtatooti. 



j tht extent that nich documents ar* 



included in the fields ratted 



Electronic data ba*e eottfulwsi durin* * 



:ia trmatiCAAJ 5 earch(r«m>c of data b*« and. 



when* practical, search tains used) 



C DOCUMENTS OO ^tDEREO TO B6 RELEVANT 



Category* 



5NTS taNsm«^ w »" — 

— ' TTT~ -J—* jmnrocriaic. of the relevant pasaces 
atatoon of document, wiA indication, where appropru». ^ 



US,A,3 242" 500 (J. W. DERR) 29 March 1966 



see column 1, line 40 
see column 2, line 27 
see figures 1,3 



line 64 
line 49 



US.A.4 912 794 (T NOMlYAMA) 22 March 1977 

see coTumn 1, line 41 - line |i 

see column 2. ines 18 - 24, 39 4J 

see column 3, lines 32 - 59, 6Z 

see column 5, line 16 - line 35 

see figures 1,11 



ftetevtra to cLwm No. 



1-3,14, 
18 



7-19,19, 
20,37 

1,15-17 



16,37 



further 



are luted in 



fee continuation of box C 



10 

* Special categories of aied documents , 

dation or otner speo*i rwo« v wmHiaonor 

other means lrt *««iionai OJtnr date twt 

P' aocumti* published ^ ^J^**"**^ 5 

.iter than (he pnortty date da»n»a __- 



JJd^2n*£^«« ponopJe or theory .mdexiya.; 0* 
in venti po . . . , , 

'X- document of P^^^^^c^ 

cannot be ™ l ?*en ^SotS^t » taken alone 

involve an inventive fie© ™ °~7 . 

doewnent * combined ^^L^ioToeriw dolled 
jncntj, such eoratonanofc. banc obvtoai io a person 

•*T mender of fhc^P^f^ty 



fbi oftte actual completion of the itfcrnaooxw — 

4 March 1996 



| Ntmtaodn^hniaddmsoftheCA aajn 2 
European Patent Office, P.B. 5«» »™ n 
l5 ( + 31-70) 340-20*0. TV- 31 651 epo I*. 
Fax ( * 31-70) 3*0-3016 



DMC of maOint or the «**tna»OBal lean* report 

19.0 3.9 6 



Authorized officer 

Bourseau* A-M 



PAGE 31/34 1 RCVD AT 2/7/2006 4:1 1 :35 PM [Eastern Standard Time] * SVR:USPTMFXRF*24 * DN1S:2738300 1 CSID:651 426 2322 1 DURATION (mm-ss):0M2 



2006/FEB/07/TUE 03:36 PM SHERRILL LAW OFFICES FAX No. 651 426 2322 



P. 032 



INTERNATIONAL SEARCH REPORT 


(pier mol Application No 

PCT/GB 95/02693 


C.(ConQnu«Ooa) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 


Citation of document, with indication, where appropriate, of Ok relevant panares 


Relevant to claim No. 


X 
A 


FR,A,2 222 034 (ROYAL INDUSTRIES, INC.) 18 
October 1974 

see page 5, line 1 - page 6, line 6 
see page 6, line 21 - line 25 
see page 7, line 10 - line 23 
see page 8, line 12 - line 28 
see figures 1,3 




1,4,14. 

18-20 ! 


A 


US,A,3 35Q 718 (D. D. WEBB) 7 November 
1967 

see column 1, line 32 - line 72 
see column 2, line 37 - line 48 
see figure 1 




1,4 


A 


GB.A.946 473 (MINISTER OF AVIATION) 15 
January 1964 

see page 1, line 30 - line 88; figure 




15-17 


A 


FR.A,2 294 659 (GPA INTERNATIONAL) 16 July 
1976 

see the whole document 




1-3, 

7-10,14, 
18-20 


A 


US,A,5 014 366 (W. R. DISCIP!0,SR. ) 14 May 
1991 

see column 2, line 9 - line 15 

see column 3, lines 7 - 13, 64 - 68 

see column 4. line 21 - line 46 

«5f*i* fiOurp^ "\ A ft 




11-13,23 










FR.A.2 387 611 (J.-L. NOEL) 17 November 
1978 

see the whole document: ■ • 




11-13 




US.A.4 096 496 (P. 0. MARKER) 8 February 
1977 

see the whole document 




14 








A 


US,A,3 142 833 (0. BOSLEV ET AL) 28 July 
1964 

see the whole document 






A 


DE,A,26 19 947 (W. W. OPTAC) 1Q Novenier 
1977 

see the whole document 




21,22 


A 


US,A,4 881 865 (M. A. BERGEE ET AL.) 4 
April 1978 

see abstract; figures 




23 


A 


US,A,4 434 514 (J. G. SUNOAHL ET AL.) 6 
March 1984 

see abstract; claims; figures 

-/-- 




23 



Few peTjttAAftt) <ou.iiouauon of sets «d tbatu (July 1992) 

PAGE 32/34 ' RCVD AT 2/7/20064:11:35 PM [Eastern Standard Time] ■ SVR:USPTO-EFXRF«24 * DNIS:2738300 ' CSID:6S1 426 2322* DURATION (mm-ss):07-42 



2006/FEB/07/TUE 03:36 PM SHEER ILL LAW OFFICES FAX No. 651 426 2322 



P. 033 



INTERNATIONAL SEARCH REPORT 



intci msd Application No 

PCT/GB 95/02693 



C(Coc,tinu*iion> DOCUMENTS CONSIDERED TO BE RELEVANT 



C»ic£Ory* 



with mcfactoon. where Appropn**, of the relevant p^gei 



Relevant to cUim No. 



US.A.2 769 176 (S. V. GRANCSAY ET AL) 6 

November 1956 

see the whole document 

US,A,2 814 043 (A . L. ALES I) 26 November 
1957 

see claims; figures 

US.A.3 509 472 {J. D. CASTELLAN I) 17 March 
1970 

see the whole document 

AU,B.512 331 (C. L. MCINERNEY) 2 October 
1980 



24.36 
24.36 
1-35 



fm FCT/tSA/MO (B»iUn«.lie» of RCB04 •«•» (July l*«> 



oaae 3 of 3 



I PAGE 33«4 * RCVD AT 2^/2006 4:1 1 :35 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6i24 * DNIS:2738300 ' CSID:651 426 2322 * DURATION (mm-ss):07-42 



2006/FEB/07/TUE 03:36 PM SHERRILL LAW OFFICES 



FAX No. 651 426 2322 



P. 034 



INTERNATIONAL SEARCH REPORT 



tittc* Application No 

PCT/GB 95/02693 



Patent document, 
died in search report 



Publication 
date 



Patent family 
member (*) 



Publication 
dale 



US-A-3242500 29-03-66 



NONE 



US-A-4012794 


n f-| ~t ~t 

22-03-77 


IP-f - 

J r L ~ 

0P-A- 

J r 


52032741 


12-03-77 
03-10-84 . 


FR-A-2222034 


18-10-74 


IIC A 

AU-B- 
CA-A- 
0E-A- 

in a 

JP-A- 


6679274 
2411959 


18- 09-75 
?fi-07-77 

tU O' If 

26-09-74 

19- 05-75 


US-A-3350718 


07-11-67 


NONE 






GB-A-946473 




NONE 






FR-A-2294659 


16-07-76 


NONE 






US-A-5014366 


14-95-91 


NONE 






FR-A-2387611 


17-11-78 


NONE 






US-A-4006496 


08-02-77 


NONE 






US-A-3142833 


28-07-64 


NONE 






fx r- ■ 0C1OQA7 


1G-11-77 


NONE 






US-A-4081865 


04-04-78 


NONE 






US-A-4434514 


06-03-84 


JP-A- 


58126307 


27-07-83 


US-A-2769176 


06-11-56 


N0NE 






US-A-2814943 


26-11-57 


NONE 






US-A-3500472 


17-03-70 


NONE 






AU-B-512331 


02-10-80 


NONE 







Font FCT.anuMi <p«t-K ««"*» «*"» " W 

PAGE 34/34 * RCVD AT 2/7/2006 4:11:35 PM [Eastern Standard Time] ' SVR:USPTO-EFXRF«24 ■ DNISOTOO ' CSID:651 426 2322 1 DURATION (mm-ss):0742 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



